Chemical preparation, thermal behavior, kinetic and IR studies and quantum chemical calculations are given for the cyclotriphosphate Ba 3 (P 3 O 9 ) 2 .6H 2 O. Ba 3 (P 3 O 9 ) 2 .6H 2 O is triclinic P-1 with the following unit-cell dimensions : a = 7.547(4)Å, b = 11.975(6)Å, c = 13.068(8)Å,  = 108.58 (8)°,  = 100.35(8)°,  = 95.54(8)°, Z = 2. Ba 3 (P 3 O 9 ) 2 .6H 2 O has never been studied except its crystallographic characterization. Ba 3 (P 3 O 9 ) 2 .6H 2 O is stable, in the conditions of temperature and pressure of our laboratory, until 80°C. It is impossible to dehydrate Ba 3 (P 3 O 9 ) 2 .6H 2 O without breaking its rings P 3 O 9 3and leading to amorphous compounds in X-ray diffraction and IR absorption spectrometry. The final product of the dehydration and calcination of Ba 3 (P 3 O 9 ) 2 .6H 2 O, under atmospheric pressure, is its long chain polyphosphate form ,  [Ba(PO 3 ) 2 ] ∞ .  [Ba(PO 3 ) 2 ] ∞ is stable until its melting point at 870°C.  [Ba(PO 3 ) 2 ] ∞ is prepared otherwise by dry way.  [Ba(PO 3 ) 2 ] ∞ has many applications in industry such as corrosion inhibitor.
INTRODUCTION
Alkaline earth cyclotriphosphates M II 3 (P 3 O 9 ) 2 .nH 2 O (M II = Ca, n = 10; M II = Ba, n = 6 and 4; M II = Sr, n = 7) have been studied only by their crystalline structures 1, 2, 3, 4 . But thermal behaviors, kinetic and IR studies have not yet been investigated for such condensed phosphates. The dehydration of these cyclotriphosphates lead generally to long-chain polyphosphates 5, 6, M II (PO 3 ) 2 (M II = Ca, Ba, Sr), which can be used in industry such as corrosion inhibitors 7 and humidity sensors 8 . The cyclotriphosphate hexahydrate of barium, Ba 3 (P 3 O 9 ) 2 .6H 2 O, presented in this paper is stable under the conditions of temperature and pressure of our laboratory. The present work deals with a synthesis, thermal behavior, kinetic and IR studies and quantum chemical calculations of the cyclotriphosphate Ba 3 (P 3 O 9 ) 2 .6H 2 O. EXPERIMENTAL Chemical Preparation. Polycrystalline Samples of the title compound, Ba 3 (P 3 O 9 ) 2 .6H 2 O, were prepared by adding slowly dilute cyclotriphosphoric acid to an aqueous solution of barium carbonate, according to the following chemical reaction : 2H 3 P 3 O 9 + 3BaCO 3 Ba 3 (P 3 O 9 ) 2 .6H 2 O + 3CO 2
The so-obtained solution was then slowly evaporated at room temperature until polycrystalline samples of Ba 3 (P 3 O 9 ) 2 .6H 2 O were obtained. The cyclotriphosphoric acid used in this reaction was prepared from an aqueous solution of Na 3 P 3 O 9 passed through an ion-exchange resin "Amberlite IR 120" 9 .
X-ray diffraction. Powder diffraction patterns were registered with a Siemens diffractometer type D 5000 using CuK  radiation ( = 1.5406Å). Chemical analyses were performed on a spectrophotometer of atomic absorption type VARIAN AA-475. Infrared spectroscopy. Spectra were recorded in the range 4000-400 cm - 2 .6H 2 O, is stable in the conditions of temperature and pressure of our laboratory until 70°C. We have followed, by IR spectrometry, X-ray diffraction and thermogravimetric analyses, the stability of Ba 3 (P 3 O 9 ) 2 .6H 2 O during one year, and no evolution was observed. The X-ray diffraction pattern of Ba 3 (P 3 O 9 ) 2 .6H 2 O is reported in FIGURE 1. 
with C 3v symmetry
The reduced representation of the internal modes of the four cycles P 3 O 9 3of the unit-cell is :  = 60 A g + 60 A u , this means 60 modes active in IR ( 60 A u ) and the same number 60 modes active in Raman ( 60 A g ). The TABLE 4 gives the representation and the separation of the internal modes into stretching and bending modes. It comes out from this theoretical analysis of the vibrations that when we pass from the isolated cycle with local symmetry C 1 to the unit-cell of Ba 3 (P 3 O 9 ) 2 .6H 2 O the number of the stretching vibrations active in IR (or in Raman) must pass from 12 to 24. If all the couplings are possible, the number of the stretching vibrations of the isolated cycle C 3v must pass from 7 to 24. Each frequency corresponding to a simple mode A, (of the C 3v cycle) must appear in the form of a doublet of frequencies and each frequency corresponding to a doubly degenerated mode must appear in the form of a quadruplet. These frequencies must be distributed, in the form of 6 frequencies, in each of the four ranges
The IR spectrum of Ba 3 (P 3 O 9 ) 2 .6H 2 O doesn't express any index of vibrational coupling, in the cycles of the unit-cell, because the number of the frequencies observed in each of the four ranges, mentioned above, of the stretching vibrations doesn't exceed three. This number of frequencies observed is that predicted for an isolated cycle with local symmetry C 1 .
Theoretical group analysis leads to the following correlation diagram: -are connected one to another by an oxygen bridge O i .
The calculations concern the cycle P 3 O 9 3of a C 3v symmetry in which each tetrahedron is of a C 2v symmetry. The theoretical quantum calculations were performed using the Gaussian 03 15 theoretical chemistry software. We realized home routines for the treatment of the output files. The calculations were realized at two levels of theory, molecular mechanics with AMBER strength field 16 and semi empirical method with the MNDO 17 Hamiltonian. The structure optimization was realized according to the berny algorithm, SCF = Tight and Integral (Grid = Ultra Fine) were added to the root section and the geometrical characteristics of the anion cycle.
Structural result. The main optimized geometrical Parameters of the P 3 O 9 3anion are given and compared with the experimental results in the TABLES 5 and 6. Referring to the lengths from the values calculated to those obtained by the experience, the mechanic molecular methods with the AMBER strength fields give the results the most close to those of the experience. With both methods the gap is important in the case of the angular values (POiP and OePOe) than those of the lengths of bonds (POe and POi).
Vibrational results and quantum chemical calculations.The calculated infrared spectrum shows thirty positive frequencies (TABLE 7) , this indicates that the optimized geometry of the cycle corresponds to a stable state. The analysis of the vibration symmetry leads to  = 20 E + 7A1 + 3A2. The allocation of the mode of stretching vibration POe or POi, is made by taking into account the sign of variation of the length of bond at each frequency. We so calculated the length of bond in the vibration to that of the optimized structure. The 3 . The dehydration of the cyclotriphosphate hexahydrate of barium, Ba 3 (P 3 O 9 ) 2 .6H 2 O, occurs in two steps in two temperature ranges 69 -198°C and 274 -456°C. In the thermogravimetric (TG) curve, the first stage between 69 and 198°C corresponds to the elimination of 5.5 water molecules and the second stage from 274 to 456°C is due to the elimination of 0.5 water molecule. The derivative of the TG curve, DTG, of Ba 3 (P 3 O 9 ) 2 .6H 2 O under atmospheric pressure and at a heating rate of 10°C. min -1 contains two peaks due to the dehydration of Ba 3 (P 3 O 9 ) 2 .6H 2 O. The first intensive peak in the domain 69 -198°C, at 165°C is due to the departure of 5.5 water molecules. The second weak peak in the range of 274 -456°C, at 403°C is due to the evolution of 0.5 remaining water molecules. The differential scanning calorimetry, DSC, for Ba 3 (P 3 O 9 ) 2 .6H 2 O at rising temperature 5°C. min -1 and under atmospheric pressure shows two peaks (FIGURE 6). The first peak at 164°C is endothermic and corresponds to the dehydration of Ba 3 (P 3 O 9 ) 2 .6H 2 O. The enthalpy variation of this endothermic peak is about 23.94 k cal. mol -1 . The second peak at 375°C is exothermic and corresponds two the crystallization of long-chain polyphosphate of barium form  [Ba(PO 3 ) 2 ]. The enthalpy variation of this exothermic peak is about -10.27 k cal. mol -1 . Step manner study. The thermal behavior of Ba 3 (P 3 O 9 ) 2 .6H 2 O was also studied in a step manner of temperature by X-ray diffraction and IR absorption spectrometry between 20 and 800°C. X-ray diffraction patterns recorded after annealing for 36 hours at different temperatures reveal that Ba 3 (P 3 O 9 ) 2 .6H 2 O isstable up to 70°C (FIGURE 1a ). The removal of 5.5 water molecules of hydration of Ba 3 (P 3 O 9 ) 2 .6H 2 O, observed in the temperature range 100-300°C, destroyed the crystalline network and brings to an intermediate amorphous phase 19 which does not diffract the X-ray (FIGURE 1b), nor exhibits the IR absorption bands characteristic of a cyclic phosphate P 3 O 9 3-(FIGURE 2b) 10, 11, 12 . The amorphous product is, according to Van Wazer 19 , probably a mixture of barium oxide BaO and pentoxide phosphorus P 2 O 5 . After the evolving of the 0.5 remaining water molecules, at 500°C, the atomic Rearrangement of BaO and P 2 O 5 occurs and provokes the crystallization of long-chain Polyphosphate of barium form  [Ba(PO 3 ) 2 ] 20 . The latter result is confirmed by chemical analyses, X-ray diffraction (FIGURE 1c) and IR absorption spectrometry (FIGURE 2c). In fact, the bands appearing in the IR absorption spectrum of Ba 3 (P 3 The valency vibrations of the (POP) chain groups are represented in the spectrum (c) (FIGURE 2c) by a strong band at about 865 cm -1 which can be attributed to the  as POP antisymmetric vibrations. This strong band which is situated genarally between 850 cm -1 and 940 cm -1 (in this case at 865 cm -1 ) characterize with no ambiguity the structure of a long-chain polyphosphate PO 3 -10 . The strong band which is situated at 865 cm -1 and corresponding to the  as POP antisymmetric vibration, characterize with no ambiguity the structure of a long-chain polyphosphate PO 3 -10
. By the examination of the position, the profile and the intensity of this band which doesn't appear in the IR spectra of the cyclotriphosphates P 3 O 9 3and which is located generally between 850 cm -1 and 940 cm -1 , it is then possible to distinguish between cyclotriphosphate P 3 O 9 3and long-chain polyphosphate PO 3 -10 .
Between 600 and 400 cm -1 the spectrum (c) (FIGURE 2c) shows bending vibration bands characteristic of long-chain polyphosphates 10, 11 . The nature of the vibration corresponding to the different observed bands is given in TABLE 12. CONCLUSION Ba 3 (P 3 O 9 ) 2 .6H 2 O has been prepared by the method of ion exchange-resin. Chemical analyses and dehydration of the title compound have confirmed the formula Ba 3 (P 3 O 9 ) 2 .6H 2 O whose thermal behavior has been studied by X-ray diffraction, infrared spectrometry, thermal analyses TGA-DTA and differential scanning calorimetry. The total thermal dehydration of Ba 3 (P 3 O 9 ) 2 .6H 2 O leads to the long-chain polyphosphate, [Ba(PO 3 ) 2 ] ∞ . With further increase in temperature, finally,  [Ba(PO 3 ) 2 ] ∞ melts at 870°C. The thermodynamic and kinetic features (variation enthalpies and apparent activation energies) of the dehydration of Ba 3 (P 3 O 9 ) 2 .6H 2 O have been well explored and determinated. The vibrational spectrum of Ba 3 (P 3 O 9 ) 2 .6H 2 O was examined and interpreted in the domain of the stretching vibrations of the P 3 O 9 rings, on the basis of its crystalline structure and in the light of the calculation of the thirty fundamental IR valency frequencies for the D 3h symmetry. The frequencies main movements of the final product of the dehydration, the long-chain polyphosphate  [Ba(PO 3 ) 2 ] ∞ , were given. Quantum chemical calculations have been performed for the P 3 O 9 rings. The thermal behavior of the title compound can be summarized by the following schema : 
